Background {#Sec1}
==========

Invasive fungal infections (IFIs), mainly invasive candidiasis (IC) and pulmonary aspergillosis (IPA), are a major clinical problem due to its high morbidity and mortality and affect many different patient populations cared by a large number of physicians in tertiary care hospitals. The difficulties for establishing a proven diagnosis, the better tolerance of new antifungal drugs and the demonstrated impact of early therapy have led to an extended use of empirical antifungal therapies (AF), mainly in critical and surgical patients. A recent cross sectional cohort study showed that systemic antifungal therapy was administered to 7% of all patients admitted to an intensive care unit (ICU), with only one-third of them having a documented IFI \[[@CR1]\].

Previous studies have shown that inappropriate use of antifungal drugs may reach 67-74% in tertiary care hospitals \[[@CR2]-[@CR5]\]. The implementation of antifungal stewardship policies based on first instances on continuous education of healthcare workers may be a partial solution to this problem \[[@CR6]\]. However, there are no multicenter studies evaluating the gaps in knowledge on diagnosis and treatment of IFIs and on compliance with current guidelines in European prescribing physicians.

The aim of this study was to assess knowledge of potential AF prescribers in order to design and apply operative training strategies for European physicians, which will subsequently affect behavioral changes and lead to a more appropriate use of antifungal agents.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

We performed a cross-sectional multicenter survey evaluating European prescribing physicians' attitudes and knowledge about diagnosis and treatment of invasive candidiasis and aspergillosis, and the compliance with current IFI international guidelines \[[@CR7]-[@CR9]\]. Five European tertiary care hospitals participated in the study: Hospital General Universitario Gregorio Marañón, Madrid, Spain; University Hospital of Heidelberg, Heidelberg, Germany; Rigshospitalet, Copenhagen University Hospital, Denmark; Hospital "Sant' Orsola-Malpighi" at Bologna, Italy and Hospital "Lazzaro Spallanzani" at Rome, Italy. Hospital General Universitario Gregorio Marañón served as the coordinating centre.

Attending physicians and residents, working in areas typically associated with the largest consumption of antifungal drugs (i.e. Hematology, Oncology, Internal Medicine, Surgical wards and, ICUs), were invited to participate to the survey. During the study period (February-March 2013), a responsible investigator for each centre (M.V.; M.H.; N.R.; P.V.; M.G.) personally invited all physicians belonging to the departments with larger antifungal consumption to answer the questionnaire. The participation to the survey was voluntary and if the physician agreed, they were given 20 minutes to complete the test. The questionnaire was personally collected and subsequently sent through email/fax to the coordinating centre by responsible investigators. No incentives were used to perform the survey and consultation of any medical support (i.e. books, apps and websites) was forbidden.

Questionnaire {#Sec4}
-------------

According to current international guidelines \[[@CR7]-[@CR9]\], a questionnaire was developed by the steering committee of the Collaboration in Mycology Study Group (COMIC), a multidisciplinary team including infectious disease and clinical microbiology physicians, pharmacologist and different medical and surgical specialities. The questionnaire was anonymously completed and included 20 multiple-choice questions assessing diagnosis and management of IFI (see Additional file [1](#MOESM1){ref-type="media"}). Questions targeted to evaluate the inadequate indication of antifungals, such as the clinical interpretation of positive cultures or current recommendations for pre-emptive therapy, were specifically included. Each correct answer was scored as 0.5 points and each incorrect answer as 0 points. Accordingly, the maximum score was 10 points. We also collect information regarding age, sex, department to which physicians belonged and post- graduate years.

In order to evaluate the readability, the comprehensibility, and the length, the survey was first tested among a total of 20 physicians working at the Hospital General Universitario Gregorio Marañón, Madrid. The study was approved by the Ethics Committee of the coordinating center (Comité ético de Investigación Clínica del Hospital General Universitario Gregorio Marañón). Local centers did not consider necessary further approval. Participating physicians's consent was obtained by local coordinators in order to use the survey results for research purposes. This study was partially supported by the PROMULGA II Project, Instituto de Salud Carlos III (grant number PI13/01148).

Statistical analysis {#Sec5}
--------------------

Our endpoint was the median knowledge score obtained by the physicians prescribing antifungals in tertiary care institutions. We also decided to compare the performance of different groups of physicians (residents/fellows vs. staff physicians, hospital department: ICUs, medical, surgical and pharmaceutical departments) in the different countries. Haematology and oncology physicians were included in the medical group. Not all physicians answered each questions and, consequently numbers were adjusted as appropriate for each question. The qualitative variables appear with their frequency distribution. The quantitative variables are summarized as the mean and SD when they had a normal distribution and median with range (minimum-maximum) when they had a non-normal distribution. In order to compare how scores differ according to participants' characteristics we used the parametric t test or the non-parametric ANOVA test. Multiple lineal regression analysis was performed to detect differences in knowledge between different departments, physician categories, and country after adjusting by sex and postgraduate education. Statistical significant was set at p ≤ 0.05. Statistical analysis was made using SPSS® 18.0(SPSS, Chicago, IL, USA).

Results {#Sec6}
=======

One hundred and twenty-one physicians fulfilled the questionnaire. Demographic characteristics of participants and mean score obtained according to sex, type of departments and country are summarized in Table [1](#Tab1){ref-type="table"}. Mean age and years of clinical practice after post-graduate education of participating physicians were 36.5 and 10.6 respectively. Overall, 54.5% of the physicians were women and the mean score of adequate response was 5.8 ± 1.7 points. When scores were compared according to different variables (Table [1](#Tab1){ref-type="table"}) a higher significant mean score was associated with staff physicians (p = 0.01), medical departments (*p* = 0.01) and with Italians respondents (p \< 0.01).Table 1**Demographics characteristics of participants and mean score obtained according to sex, type of physicians, medical departments and countryVariableN (%)Score (Mean ± SD)*P*** **valueDemographics characteristics**  **Age**   \<3040 (33.1)5.3 ± 1.4   ≥3081 (66.9)6.1 ± 1.80.01   \<4075 (62)5.3 ± 1.40.12   ≥4046 (38)6.1 ± 1.8  **Years of practice (mean ± SD)**   \<119 (15.8)5 ± 0.9   ≥1102 (84.2)6 ± 1.70.01   \<**5**33 (27.8)5 ± 1.3\<0.001    **≥5**88 (72.7)6.2 ± 1.7  **Sex**   Female66 (54.5)5.9 ± 1.60.52   Male55 (45.5)5.7 ± 1.8  **Physicians' category**   Residents67 (55.4)5.5 ± 1.60.01   Staff physicians54 (44.6)6.3 ± 1.8  **Type of departments** ^**(a)**^   Medical62 (51.2)6.2 ± 1.9   Intensive care units52 (43)5.5 ± 1.40.01   Surgical4 (3.3)5.5 ± 1.5   Pharmaceutical3 (2.5)5.5 ± 0.5  **Country** ^**(b)**^   Spain65 (53.7)5.6 ± 1.7   Italy21 (17.4)7.3 ± 1.4\<0.01   Denmark20 (16.5)5.0 ± 1.6   Germany15 (12.4)5.8 ± 1.1^(a)^Although statistical differences in mean scores were not found between the different departments in the simple linear regression analysis, they were found between medical departments and the remaining 3 after adjusting for sex, postgraduate education, and physician category. ^(b)^Statistical differences in mean scores were found between Italians responders and the other physicians in the simple linear regression analysis. This difference remains after adjusting for sex, post-graduate education and physician category.

The response rate to the different questions of the survey ranged from 85% to 100. The percentage of adequate answers regarding departments and physician category for each question is showed in Table [2](#Tab2){ref-type="table"}. In order to assess differences between groups only medical and critical departments were considered due to the low proportion of surgeons and pharmaceutical physicians participating to the survey. Overall, 13 out of 20 questions assessed knowledge of candidiasis whereas 7 focused on diagnosis and management of invasive aspergillosis.Table 2**Percentage of adequate answers regarding department and physician categoryQuestionAdequate answerOverallMedicalICUPResidentsStaffPN = 121n = 62N = 52n = 67n = 54**Q1.When *Candida* is isolated in a urine culture, choose the answer that best describes what you would do:Start antifungal treatment only in some cases.69.47963.50.0962.777.80.08Q2.On a patient with mechanical ventilation and a probable VAP a tracheal aspirate culture shows *Candida* sp. Which of the following statements best show your interpretation:Requires antifungal treatment only if the patient has a high *Candida* score.42.146.538.50.4438.846.30.46Q3. In which of the following clinical scenarios you would start *Candida* prophylaxis?AML (Acute Myeloid Leukemia) patients on induction chemotherapy.3845.232.70.1829.948.10.05Q4.In your opinion, the best choice for *Candida* prophylaxis is:.Fluconazole in most of the cases.88.483.992.30.2585.192.60.25Q5.In a patient with sepsis possibly caused by a femoral catheter infection, you would prescribe...Treatment against Gram positive and Gram negative bacteria and yeasts.41.351.628.80.0256.722.2\<0.001Q6 .A microbiologist informs you that there are yeasts at the gram stain of a blood culture, so you...Start antifungal treatment immediately.81.877.486.50.2377.6870.23Q7.In a patient with candidemia, which antifungal would be your first choice before knowing the species of *Candida*?Candin or Fluconazole.90.188.792.30.7588.192.60.54Q8 .Choose the right answer among the following statements:All of the above are true: *Candida glabrata* can be resistant to fluconazole. *Candida krusei* is always resistant to fluconazole. *Candida parapsilosis* is associated to catheter infection. *Candida albicans* is usually susceptible to fluconazole.75.275.873.10.8373.177.80.67Q9.During the follow-up of candidemic patients, it is advised to:All of the above are true: Draw blood cultures after 3--7 days of antifungal treatment; exclude infective endocarditis by transesophageal echocardiography; perform an eye fundus examination; consider sequential treatment switching to an oral azole when clinically safe.83.585.580.80.6180.6870.46Q10. In the treatment of candidemia by a fluconazole-susceptible *Candida*, you would usually prescribe:Fluconazole 400 to 800 mg per day depending on the *Candida* species.64.574.253.80.0362.766.70.7Q11.Which do you think is the percentage of fluconazole resistance in *Candida* strains isolated from blood cultures at your hospital?Less than 5%.2419.428.80.2723.924.11Q12.In which of the following scenarios would you choose L-AmB as your first choice?In unspecified invasive filamentous fungal infection.47.151.644.20.4535.861.1\<0.006Q13. Regarding the treatment with azoles and candins, which of the following statements is true:Candins can be used as empirical treatment before knowing the yeast antifungal susceptibility.67.864.5750.3053.785.2\<0.001Q14.When isolating *Aspergillus* spp. in a respiratory sample, you would consider:Treatment in patients who fulfilled criteria of proven or probable invasive aspergillosis52.174.226.9\<0.0149.355.60.58Q15.Which of the following statements regarding the Galactomannan test is false:It can only be performed in serum samples.4250.835.30.1336.948.10.26Q16.Which of the following are considered invasive aspergillosis radiological findings?All of the above are true: Presence of dense, well-circumscribed lesions with or without a halo sign in a thoracic CT scanner; presence of a cavity in a thoracic CT scanner; presence of an air-crescent sign in a thoracic CT scanner; sinusitis.58.767.751.90.1259.757.40.85Q17.In a patient with invasive pulmonary aspergillosis, which antifungal treatment would you choose before having the antifungal susceptibility data?Voriconazole5756.561.50.7043.374.1\<0.001Q18.In your opinion, which are the indications of combined antifungal therapy in invasive aspergillosis?It is recommended as rescue therapy when previous antifungal treatment has failed.38.843.530.80.1732.846.30.14Q19.What is your opinion concerning the measurement of antifungal levels?All of the above are true: Up-to-date guidelines do not recommend its systematical determination; it can be useful to identify azoles under-dosed patients; there is no indication to determine serum levels of L-AmB; it can help to identify azoles related toxicity.6267.755.80.2456.768.50.19Q20.In your opinion, which would be the proper length of treatment of aspergillosis in a solid organ recipientA minimum of 6 to 12 weeks.36.737.133.30.734.838.90.7**VAP** (Ventilator Associated Pneumonia).

Candidiasis {#Sec7}
-----------

A low proportion of physicians clearly distinguished infection from **colonization** both in the urinary tract (69.4%) (Q1) and in the respiratory tract (42.1%) (Q2). The accepted indications of antifungal **prophylaxis** (Q3) were known by 38% of the participants. However, the majority of the physicians (88.4%) knew that fluconazole is, in most of the cases, the recommended antifungal agent for prophylaxis (Q4).

Regarding **empirical therapy**, only 41.3% of the physicians were aware of the recommendation to initiate antifungal therapy in a clinical scenario of sepsis with a suspected portal of entry in a femoral catheter (Q5). Comparing the rate of adequate answers for Q5, statistical differences could be detected both among different departments, as for physicians' category. In fact, for the management of such infection approximately one third of the intensivists and staff clinicians would prescribe only empirical treatment against gram positive and gram negative bacteria, completely omitting anti-fungal coverage.

As for **targeted therapy** (Q6), 81.8% started treatment immediately after knowing that yeast was recovered from blood cultures, and 90.1% of the physicians choose the correct/recommended antifungal treatment (Q7).

The majority of the prescribing physicians (75.2%) could identify the specific characteristics of **non-*albicans Candida*species**, including its potential for azole resistance (Q8) and 83.5% recognized the need to consider infectious endocarditis and endophtalmitis in a patient with candidemia, and the importance of obtaining blood cultures during the follow up in order to discard persistent candidemia or treatment failure (Q9).

Sixty-four percent of physicians knew the correct **dosage** of fluconazole (800 mg as loading dose followed by 400 mg/day) (Q10), and the local rate of fluconazole resistance was known only by 24% (it was generally overestimated) (Q11). Finally, regarding the different indications of liposomal amphotericin B (L-AmB), azoles or candins, our questionnaire revealed that only 47.1% of the physicians knew in which scenario L-AmB is the first choice therapy for unspecified IFIs (Q12). A significant proportion of clinicians considered L-AmB as the treatment of choice for aspergillosis (26.5%) and for infections caused by fluconazole-resistant *Candida* species (12%).

Sixty-eight percent answered correctly that candins could be used as empirical treatment of candidemia before knowing the antifungal susceptibility (Q13), but about 10% of respondents preferred voriconazole rather than candins when treating infections due to fluconazole-resistant *Candida*.

Invasive aspergillosis {#Sec8}
----------------------

Overall 52% of the physicians correctly differentiated respiratory colonization from infection, but only 27% of intensivists would start antifungal treatment if *Aspergillus* spp. was recovered from a respiratory sample, taking into account if the patients fulfilled criteria of proven or probable invasive aspergillosis (p \< 0.001) (Q14).

When evaluating **diagnostic criteria**, 42% were acquainted with the use of galactomannan assay as a diagnostic and follow up test (Q15), and more than half of the physicians (58.5%) recognized the radiological features of IA (Q16).

Concerning **therapy** (Q17), 57% of the physicians were aware that voriconazole was the **first line IA** treatment. Many physicians believed that combined antifungal therapy with L-AmB and voriconazole (13.3%) or with voriconazole and caspofungin (11.5%) was accepted as first line therapy for treating IA. L-AmB was believed to be the drug of choice by 14.1% of the physicians (3.5% 10 mg/kg/day and 10.6% 3 mg/kg/day). When asked specifically on the indications of combined treatment for IA, 29% considered it appropriate as initial therapy of neutropenic patients or transplant recipients, and 38.8% only for rescue therapy (Q18).

More than half of physicians (62%) were aware of the clinical benefits of measuring voriconazole and posaconazole **plasma levels** during patient treatment (Q19) and finally, the recommended length of therapy for IA according to current guidelines was only known by 36.7% of the physicians -- 29% wrongly considered that 4 to 6 weeks were enough to treat most IA episodes (Q20).

Discussion {#Sec9}
==========

We report the first multicenter European study assessing physicians' knowledge about current recommendations on diagnosis and treatment of IFI. We could demonstrate that even frequent prescribers have a significant need of continuous education. Most common mistakes lead to antifungal over consumption, since many physicians erroneously treat fungal colonization, use unnecessary high doses of L-AmB and administered combined antifungal therapy with no supporting scientific evidence.

Our survey corroborates gaps in both diagnosis and management of IFI in 5 institutions of 4 European countries. Physicians have problems for **differentiating colonization from infection** when *Candida* spp. is isolated in urine or in a tracheal aspirate, which could lead to an over prescription of antifungals. In a prospective study conducted in a Thai tertiary care setting, Sutepvarnon et al. demonstrated a positive correlation between isolation of *Candida* species from urine and unnecessary treatment \[[@CR5]\]. Other common scenario of avoidable over treatment is the isolation of *Candida* in respiratory secretions which should not be the only indication for starting antifungal therapy \[[@CR7],[@CR10]\].

Another aspect deserving attention is the lack of knowledge of the current indications of **antifungal prophylaxis and empirical treatment** for invasive candidiasis. Almost 50% of physicians would initiate *Candida* prophylaxis in every ICU patient colonized by *Candida* spp. or in the clinical scenario of an ICU patient having an urinary indwelling catheter, central venous catheter and recent surgery, without taking into consideration other risk factors or clinical manifestations. A probable reason for a such inadequate management could be related to the results of at least four prospective studies of ICU and surgical patients suggesting a reduction in *Candida* infection and mortality under fluconazole prophylaxis \[[@CR11]-[@CR14]\]. However, since the universal administration of antifungal prophylaxis remains an inefficient strategy that may increase subsequent azole-resistance or non-*albicans* candidemia \[[@CR15]-[@CR17]\], it is currently warranted only in selected ICU patients at highest risk (\>10%) of invasive candidiasis \[[@CR7],[@CR18]\].

On the other hand, we observed a partial impact on medical practice of the articles demonstrating the importance of an **early initiation of targeted antifungal treatment** when there is a clinical suspicion of invasive candidiasis \[[@CR19]-[@CR21]\]. Unfortunately, about 20% of physicians delay the start of antifungal treatment after being informed of positive blood cultures, whereas the critical window of opportunity for antifungal initiation appears to be 12--24 hours following the first positive blood cultures were drawn \[[@CR20],[@CR22]\]. Moreover, we reported that 60% of physicians (staff more frequently than residents and intensivists more frequently than medical physicians) failed to identify the indications of antifungal treatment in patients with suspicion of **catheter related infection** \[[@CR23]\].

However, the clinical outcome in IFI related sepsis is not only related to adequacy and timeliness of antifungal administration, but also on appropriate dosing, all these factors associated with length of hospital stay, health care costs, morbidity and mortality \[[@CR20],[@CR22],[@CR24]\]. We found that another critical point regarding knowledge of *Candida* infections management is the **appropriate fluconazole dosage,** that was correctly known by only 62% of the physicians. In a retrospective cohort study performed by Labelle et al., inadequate initial fluconazole dose was prescribed in about half of the critical patients with invasive candidiasis and it was associated with an increased risk of in-hospital mortality \[[@CR25]\]. Indeed, failure to achieve pharmacodynamic targets for fluconazole has been associated with worse outcomes \[[@CR26]-[@CR29]\]. For this reason, to obtain clinical success, dose of fluconazole should be tailored to achieve AUC/MIC ratios of at least 25 (using Clinical and Laboratory Standards Institute MIC methodology) \[[@CR30]\] or 100 (using European Committee on Antimicrobial Susceptibility Testing MIC methodology). These targets usually require 6 mg/kg/day (following 12 mg/kg loading) for susceptible isolates or 12 mg/kg/day for *C. glabrata* or other isolates with MICs of 16-32 mg/L \[[@CR7]\].

Most physicians were not aware of their local incidence of azoles resistance in *Candida*, which could enhance the prescription of broad-spectrum antifungals. Although non-*albicans* strains have clearly increased, in many European centers the rate of fluconazole resistance is still less than 5% \[[@CR31]-[@CR34]\].

More surprisingly to us was to find that 12% and 9.2% of physicians would select L-AmB and voriconazole, respectively, instead of a candin to treat these fluconazole-resistant *Candida* infections. L-AmB should be restricted to selected cases of intra-abdominal candidiasis \[[@CR35],[@CR36]\] or intolerance to other antifungal agents due to its potential toxicity and higher cost, and voriconazole should be limited to step-down oral therapy for selected cases of candidiasis due to *C. krusei* or voriconazole-susceptible *C. glabrata* \[[@CR7]\]. Finally, we would like to stress that there are differences among published guidelines regarding some diagnostic and therapeutic aspects of candidiasis that need to be clarified for the sake of a more clear understanding by the prescribing physicians \[[@CR37]\].

Regarding IA, problems to **differentiate colonization from infection** were also evident. As previously demonstrated only 22.3% of *Aspergillus* isolates from respiratory tract corresponds to probable/proven IA episodes. For this reason, Bouza et al. proposed a prediction score taking into account the procedure used to obtain the sample, the presence of leukaemia, neutropenia or the use of corticoids to help clinicians in the interpretation of *Aspergillus* cultures \[[@CR38]\].

Another problem was that a high percentage of the prescribing physicians still consider **L-AmB as the first line therapy for IA**, whereas the largest prospective, randomized trial for the treatment of IA demonstrated that voriconazole was superior to D-AmB \[[@CR8],[@CR39]\]. Furthermore, 3.5% of the physicians continue to believe that **high doses of L-AmB** are necessary to treat IA, ignoring the results of the AmBiLoad Trial \[[@CR40],[@CR41]\]. The efficacy of voriconazole was further demonstrated in paediatric and adult patients receiving voriconazole for treatment of IA who were refractory or intolerant to conventional antifungal therapy \[[@CR8],[@CR39],[@CR42],[@CR43]\]. The role of combination therapy as primary or salvage therapy is uncertain and it is not actually recommended in international guidelines \[[@CR8]\].

The majority of physicians ignored that current guidelines recommend that treatment of IA should be continued for a minimum of 6--12 weeks and that voriconazole plasma levels should be monitored during treatment to avoid toxicity and therapeutic failure \[[@CR44]-[@CR47]\].

Finally, we found differences in knowledge between experimented physicians and residents. As we expected, the haematologists and infectious disease specialists (medical departments), are more proficient in the use of antifungal therapy. However, ICU physicians that are directly responsible for many pre-emptive and empirical antifungal prescriptions did not score so well comparatively. Interestingly, Apisarnthanarak et al. reported that 44% and 31% of inappropriate antifungal use was detected in medical departments and ICUs respectively, and 15% in surgical departments \[[@CR4]\].

The primary limitations of our study include the selection of physicians that more frequently prescribe antifungal agents and the hospitals for the questionnaire. This means that the results could be worse if all the physicians of all institutions had been offered to participate. We also included a heterogeneous group of physicians who are mainly involved in different fields of IFI infection and only addressed knowledge in *Candida* and *Aspergillus* invasive infections. Finally, although the response rate to different questions was high (85-100%), potential bias could result due to non-response to specific questions.

Given the findings of our study assessing the basal knowledge of antifungal prescribers in 5 European institutions, operative attempts to ameliorate the inappropriate use of medications should be performed. We believe that these European interventions should be based on: 1) Educational programs focusing on correct drugs and dose administration of antifungals; 2) Improvement in appropriate clinical interpretation of fungal isolates; 3) Establishment of antifungal management programs that incorporate infectious diseases specialists that as previously documented \[[@CR5],[@CR48]\] are important in order to improve quality of care while optimizing hospital costs and antifungal use.

Conclusions {#Sec10}
===========

In conclusion, a simple survey enabled us to assess the knowledge and practice of European prescribing physicians in important aspects of diagnosis, prophylaxis and antifungal treatment of IFIs. This study has revealed that there are serious lacks in knowledge in this area that requires a tailored educational program as a first step of an international antifungal stewardship implementation.

Additional file {#Sec11}
===============

Additional file 1:**Consists in the 20- point survey administered to participants.**
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